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Executive Summary 
 

The building assessed in this report is the H.R. Bright Computer Science and Aerospace 
Engineering building (hereafter referred to as the Bright Aerospace building).  It is an 
eight-story building (including basement) consisting of offices, labs, and classrooms 
located on the main campus at Texas A&M University.  The HVAC system is a single-
duct VAV with terminal reheat, and incorporates eight air handling units, seven Liebert 
units, and one fan coil unit.  The AHUs and pumps are DDC controlled by Siemens, and 
the thermostats and terminal boxes have pneumatic control. 
 
The Continuous Commissioning measures that were implemented included: 1) static 
pressure schedules for all AHUs;  2) discharge air temperature schedules for all AHUs;  
3) static pressure schedules (including pseudo-economizing control) of outside air fan    
P-3;  4) nighttime shutdown of AHUs 1-1 and 3-1;  5) corrected control of two outside air 
dampers;  6) improved nighttime control of minimum outside air dampers;  and 7) 
modified hot water pump differential pressure set point schedule.  These measures were 
implemented in the time period between January and March 2006.  Furthermore, several 
measures were proposed that have yet to be implemented, including:  1) night setback of 
thermostats on five floors;  2) locating a CO2 sensor on the first floor to help control 
outside air flow;  3) installing a damper after fan P-1 and controlling accordingly;  4)  
programming pump ACCP-2 to shut off when chiller ACC-2 is not running;  5) replacing 
the building chilled water control valve to allow lower chilled water differential pressure 
set points during periods of low load;  and 6) installing motion sensors in two large rooms 
to control lighting.   
 
Very few comfort issues were observed in the building.  High CO2 levels in first floor 
classrooms will be resolved if the proposed measure for CO2 sensor installation is 
implemented.  
 
Independent data analysis from the “Data Analysis and Savings Calculation Task” will 
reveal in the near future the overall savings achieved from Continuous Commissioning in 
the building.  It is estimated that implementation of the proposed Continuous 
Commissioning measures would result in an additional $5,800 per year savings.  It is 
strongly recommended that these measures be implemented so that the maximum amount 
of savings can be achieved.   
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I. Introduction 
 
Since 1997, began, more than 70 TAMU - College Station buildings have been 
commissioned, resulting in energy savings to the university of millions of dollars.  For 
the fiscal year 2006, 25 buildings (totaling 2.5 million square feet) have been identified to 
be commissioned, of which the Bright Aerospace building is the seventh.  This building 
was identified as a prime candidate due to its high energy costs.  Commissioning actually 
began in the spring of 2004.  Several delays with funding and other issues have prevented 
the completion of commissioning until this time.  In the time period between the spring of 
2004 and the winter of 2005, a number of energy conservation measures were 
implemented in the building that have resulted in improved energy efficiency and 
performance.  In January 2006, commissioning began again in the building, and was 
completed at the end of February, with follow up occurring throughout March and April.  
This report will document only the measures implemented and recommended during this 
last phase of commissioning. 
 
 

II. Facility Information 

A. General Building Description 
 

 
Figure 1.  Bright Aerospace Building. 
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Figure 2.  Bright Aerospace Building location. 

 
 

The Bright Aerospace Building, pictured in Figure 1, was constructed in 1989 and is 
located on the main campus near the Administration Building (see Figure 2).  It is home 
to the Computer Science and Aerospace Engineering departments, and consists primarily 
of offices, classrooms, and labs, with a large wind turbine in a lab in the basement.  The 
building has eight floors (including basement) for a total area of 148,837 square feet.  It is 
generally occupied during regular weekday hours, with some occupancy in nights and 
weekends.   

 

B. HVAC & Lighting System Description 
 

The chilled water system in the building utilizes one 30 hp, 1100 gpm pump with VFD 
run by EMCS control.  The chilled water pump and the chilled water building control 
valve are DDC controlled by pressure differential.  The chilled water piping system is 
two-way variable speed flow without a bypass.  The heating water system utilizes one 15 
hp, 300 gpm pump with VFD run by EMCS control.  The hot water pump and the hot 
water building control valve are also DDC controlled by pressure differential.  The hot 
water piping system is also two-way variable speed flow without a bypass.  A summary 
of the building pumping information is shown in Table 1. 
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Table 1.  Building pumping information. 
 CHW System HW System 
Number of pumps 1 1 
Pump control source APOGEE APOGEE 
Pump speed control  VFD VFD 
Pump speed control  
method   

DP DP 

Bldg Valve control  
method 

DP DP 

Piping system type Two-way variable speed 
flow loop without 
bypass

Two-way variable speed 
flow loop without 
bypass

Control valve type  DDC DDC 
Nameplate GPM 1100 300 
Nameplate Head (ft) 75 90 
Nameplate HP 30 15 
Nameplate RPM 1750 1750 

 
 

The systems described above use chilled water and hot water from the main campus 
supply loop.  The building also has two chillers, one of which serves seven Liebert units 
in the building, and the other serving a wind tunnel in the basement.  Each chiller has a 
10 hp, 200 GPM pump.  These chillers are controlled by the equipment they serve, and 
are only monitored by the EMCS system. 
 
The HVAC system in the building is a single-duct VAV system with terminal reheat, and 
consists of eight air handling units, seven Liebert units for computer rooms, and one fan 
coil unit in the penthouse that serves the elevator equipment room.  The air handling units 
are DDC controlled by Siemens, while the terminal boxes have local pneumatic control.  
The total design supply flow in the building is 214,300 cfm, of which 38,900 cfm is from 
the Liebert units run by chiller ACC-1, and 175,400 cfm is from the campus loop units.  
The design outside air flow to the building is 40,750 cfm.  The design toilet exhaust flow 
from the building is 9100 cfm, even though the toilet exhaust fan P-1 is rated at 24,000 
cfm.  Multiple fume hoods and other exhaust fans exist throughout the building and 
account for a total additional exhaust flow potential of 27,350 cfm (not including smoke 
exhaust flows).  Table 2 gives an overview of the units comprising the building HVAC 
system, with their design information. 
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Table 2.  HVAC system airflow design information. 

Building Name: Bright Aerospace Building   Total 
Area: 148,837 ft^2  

Unit Function Service 
Water 
Supply 
Source 

Supply 
cfm 

Outside 
Air cfm 

Exhaust 
cfm Note 

AHU G-1 Supply Basement Campus Loop 28000 12000 0   
AHU G-2 Supply Makeup for Fabrication Shop Campus Loop 6000 6000 0 Heating only 
AHU 1-1 Supply 1st Floor Campus Loop 20000 3750 0   
AHU 2-1 Supply 2nd Floor Campus Loop 20000 2000 0   
AHU 3-1 Supply 3rd Floor Campus Loop 20000 2000 0   
AHU 4-1 Supply 4th Floor Campus Loop 20000 2000 0   
AHU 5-1 Supply 5th Floor Campus Loop 20000 9000 0   
AHU 6-1 Supply 6th Floor Campus Loop 20000 2000 0  
AHU 7-1 Supply 7th Floor Campus Loop 20000 2000 0  
FC-P-1 Supply Elevator Room Campus Loop 1400 0 0  

ACU 2-1 Supply Computer Room Chiller ACC-1 6050 0 0 Liebert unit 
ACU 2-2 Supply Computer Room Chiller ACC-1 6050 0 0 Liebert unit 
ACU 4-1 Supply Computer Room Chiller ACC-1 6050 0 0 Liebert unit 
ACU 4-2 Supply Computer Room Chiller ACC-1 6050 0 0 Liebert unit 
ACU 5-1 Supply Computer Room Chiller ACC-1 6050 0 0 Liebert unit 
ACU 5-2 Supply Computer Room Chiller ACC-1 6050 0 0 Liebert unit 
ACU 6-1 Supply Computer Room Chiller ACC-1 2600 0 0 Liebert unit 
Fan P-1 Exhaust Building Toilet Exhaust ------ 0 0 24000  
Fan P-2 Exhaust Building Smoke Exhaust ------ 0 0 25000  
Fan P-3 Supply Building OA/Makeup Air ------ 0 46000 0  
Fan P-4 Exhaust Power Cond. Exhaust ------ 0 0 8000  

 
 
Fan P-3 in the penthouse supplies outside air to each of the eight air handling units in the 
building.  Each unit has two ducts for outside air, one for intake and the other for exhaust 
in the case of fire.  The intake outside air duct on each unit is designed with two to three 
manual dampers and two to three pneumatic dampers.  The units with three sets (G-1, 1-
1, and 5-1) have one set for minimum outside air, one for fume hood makeup air, and one 
for smoke exhaust makeup air.  The remaining units are not designed to have the fume 
hood makeup dampers, though they do have them and they are interlocked with the 
smoke exhaust dampers. 
 
Fan P-1, the toilet exhaust fan, supplies a percentage of its exhaust flow to an adjacent 
power conditioner room in the penthouse to keep equipment from overheating.  Fan P-4 
exhausts air from the power conditioner room to keep the air circulating in the room. 
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The building uses dual-band thermostats which have local pneumatic control, and are 
designed for nighttime setback.  A pressure regulator in the mechanical room of each 
floor causes the thermostats to switch over from one band to the other at scheduled times.   
 
The lighting system in the building has been retrofitted in the recent past to T-8 lamps on 
all floors.  A number of classrooms and computer labs on the first and second floors also 
contain motion sensors, but a few others do not.  The outside lighting at the front entrance 
of the building has been reported to be unacceptably dim.   

 
 

III. Continuous Commissioning® Activities 

A. Existing Building Conditions (Pre-CC) 

1. Existing HVAC and Lighting Conditions 
 
As mentioned previously, this report only documents the Continuous Commissioning of 
the building that took place beginning in January 2006.  At that time, it was discovered 
that a number of energy conservation measures had already been implemented in the 
building.  For example, three of the AHUs were scheduled to shut down entirely at night, 
with two other units having night setbacks on static pressure and supply air temperature.  
A thorough investigation of the AHUs as well as the terminal boxes in the building had 
been conducted, and lists of needed repairs were generated.  A meeting with the building 
proctor revealed no serious complaints with the building from a comfort standpoint, other 
than an observation that outside night lighting around the building entrances was poor.   
 
Despite many improvements in the building, however, some additional problems and 
potential energy conservation measures were identified.  During the meeting with the 
building proctor, it was discovered that a computer server that had previously been 
located on the third floor had been moved to the second floor.  The third floor was not 
scheduled for nighttime shutdown because of this server.  The first floor had been 
scheduled previously for nighttime shutdown, but due to evening classes, this scheduling 
had been removed completely and the unit operated continuously with no reset or 
setback.  
 
Airflow and temperature measurements in AHU G-1 showed a tremendously high 
percentage of outside air going to the unit.  Though this was acceptable at the time due to 
cool outdoor air temperatures, it was not designed to occur, and would result in 
significant energy use during warmer times throughout the year.  It was discovered that 
the fume hood makeup damper on the unit was installed backwards.  While every other 
outside air damper checked in the building was normally closed, this damper was found 
to be normally open.  To add to the confusion, the indicator on the rod below the damper 
connection was showing the damper to be closed when it was really open, and vice versa.  
This was a significant problem since the damper was programmed to open when the wind 
tunnel exhaust fan ran, and was designed to make up 6,000 cfm to the basement.  Due to 
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its reversed operation, the damper would actually close when the exhaust fan ran, 
creating negative pressures in the basement, and would remain open the rest of time, 
introducing excessive amounts of outside air to the unit.  Additionally, since the outside 
air fan P-3 is controlled by a static pressure sensor located in the intake of AHU G-1, this 
caused a significant increase in the fan speed of P-3, and, it can be inferred, slightly 
excessive amounts of outside air intake to the other AHUs, which are upstream of AHU 
G-1. 
 
The opposite problem was discovered in AHU 7-1.  The minimum outside air damper 
was controlled backwards from Apogee, causing it to be closed any time the unit was 
operating.  This resulted in no ventilation air being supplied to the seventh floor from the 
air handling unit.  In this case, the damper indicator was also incorrect, but the damper 
was normally closed.  The signal was backwards from the computer. 
 
The toilet exhaust fan P-1 was grossly oversized in the original design.  At full speed, the 
restroom doors would not close, and uncomfortable drafts would occur.  Shortly after the 
building was constructed, it was decided to install a VFD to limit the fan speed to levels 
closer to design exhaust.  While this helped the problem considerably, some 
measurements of exhaust flow through P-1 indicated that at the time of Continuous 
Commissioning, the exhaust flow was in the range of 2,000 cfm higher than design flow.  
This was due to the control of fan P-1.  A temperature sensor in the adjacent power 
conditioner room was being used to control the fan speed.  This caused variations in the 
exhaust flow from P-1 with variations in the heat load of the space, which, since it is 
located in the penthouse, is particularly affected by outside air conditions.  While the 
extra flow may not create comfort problems in the building, it does require an additional 
amount of outside air intake to the building to maintain positive building pressurization.  
This is more of an issue during periods of minimum occupancy or vacancy in the 
building, when outside air intake is not necessarily needed for ventilation purposes, but 
must be sufficient to account for the exhaust air.  Additionally, during nighttime 
operation, the exhaust flow control continued as normal, while four of the AHUs shut 
down, and the other four had the minimum outside air dampers commanded closed for 
outside air temperatures greater than 55 F or less than 40 F, resulting in negative 
pressures in the building at night.  This could potentially result in mold problems in the 
building due to the infiltration of humid air at times throughout the year. 
 
The outside air fan P-3 was found to operate at a constant static set point of 0.3 inches of 
water, without any kind of setback or accounting for season, etc.  Occasionally excessive 
outside air flow to a particular unit would force out the return air flow, and would 
actually create a backflow through the return air grills near the mechanical room.  This 
could create comfort and humidity problems in the spaces during warm periods.  Despite 
the high set point, during periods of high occupancy the carbon dioxide levels in two of 
the classrooms on the first floor (Rooms 124 and 131) were found to be higher than the 
recommended level (1440 ppm and 1340 ppm, respectively, with an outdoor level of 400 
ppm).  It was discovered that the return air path from both of these classrooms was one 
small opening for each classroom in an otherwise sealed firewall.  This made room air 
circulation a challenge. 



 7 
 
 

 
It was found that the manual fume hood makeup damper for AHU 5-1 was almost 
completely closed.  The fume hoods on the fifth floor that were designed to be linked to 
the pneumatic damper were found to no longer be in operation.  The control 
programming had linked the pneumatic fume hood damper for AHU 5-1 to open when 
exhaust fan G-6 in the basement ran.  Opening the pneumatic damper had very little 
effect on outside air flow since the manual damper was almost fully closed. 
 
The dual-band thermostats in the building were found to be operating as single-band 
thermostats.  Both pressure regulators in the mechanical rooms were set to the same 
pressure so that the thermostats would never switch over to the setback mode.  In 
addition, a number of dual-band thermostats that no longer functioned had been replaced 
with single-band thermostats.  
 
An inspection of the wind tunnel area found that the pump ACCP-2, which is associated 
with chiller ACC-2, was running continuously even though the chiller was off.  Besides 
the wasted electricity usage from the 15 hp motor running when it was not needed, the 
chilled water in the loop had heated up substantially to a range well over 100° F.  The 
gentleman in charge of the lab reported that the chiller was not able to cool this water fast 
enough to cool the wind tunnel when it ran.  He also mentioned that this problem had 
been diagnosed and corrected in the past, but that it may have occurred again due to the 
heating element in the chiller during a December cold spell. 
 
In attempting to verify the lists of needed repairs generated previously in the earlier phase 
of commissioning, it was determined that most of the control valves for the AHUs needed 
to be replaced.  The yoke for the control valve on AHU 6-1 completely separated from 
the pipe, and the valve was held to the fully open position, creating excessively low 
discharge supply temperatures.  This problem later occurred on AHU 2-1 as well.  A 
typical AHU chilled water control valve is pictured in Figure 3.  Note the extreme 
corrosion surrounding the yoke, and how close it is to completely breaking off. 
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Figure 3.  Typical AHU chilled water control valve. 

 
 
An investigation of the AHU static pressure and discharge temperature set points 
revealed that considerable savings were already occurring from the original design 
settings.  A field study of the most remote terminal boxes revealed that 1.0” W.C. was 
needed at the box inlet in order to achieve design maximum flow through the box.  The 
static pressure sensors for the AHUs are located at or very near the inlet to the most 
remote box for each unit, inferring that something at or slightly above 1.0” W.C. would 
be needed as a set point for peak load conditions.  However, none of the units had a set 
point this high.  Despite this, comfort had been maintained in the building for one year 
with the lower static set points.  The daytime static pressure set points and discharge 
temperature set points for the AHUs at the beginning of the last phase of commissioning 
are shown in Table 3.  Rough estimates of daily average fan speeds for the mild months 
of January and February 2006 are also shown.  Nighttime setbacks and shutdowns are 
noted as well. 
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Table 3.  AHU static pressure and discharge temperature set points and estimated average fan speed 
at beginning of last phase of commissioning. 

AHU 

Daytime 
Static 

Pressure 
Set Point 

(in. 
W.C.) 

Daytime 
Discharge 

Temp. 
Set Point 

(F) 

Estimated 
Daily 

Average 
Fan Speed 

(Jan. – 
Feb.) 

Nighttime 
Static 

Pressure Set 
Point (in. 

W.C.) 

Nighttime 
Discharge 

Temp. 
Set Point 

(F) 

Nighttime 
Shutdown 

Times 

G-1 0.6 55 55% 0.4 (6:00 PM 
-10:00 PM) 58 10:00 PM – 

6:00 AM 

1-1 0.5 55 52% None 55 None 

2-1 0.75 
(Operator) 

55 
(Operator) 72% None 55 None 

3-1 0.5 55 55% 0.3 (6:00 PM 
– 6:00 AM) 58 None 

4-1 0.65 55 59% 0.3 (6:00 PM 
– 6:00 AM) 58 None 

5-1 0.7 55 71% 0.5 (6:00 PM 
-10:00 PM) 58 10:00 PM – 

6:00 AM 

6-1 0.5 55 52% None 55 None 

7-1 0.7 55 62% 0.5 (6:00 PM 
-10:00 PM) 58 10:00 PM – 

6:00 AM 
 
It was found during the investigation that several of the AHU drives had internal 
parameters limiting their speed.  Even when Apogee called for full speed on the drives, 
some of them would stop short at a high limit.  AHUs 4-1, 5-1, and 7-1 had an upper limit 
of 50 Hz, and AHU 2-1 had an upper limit of 45 Hz.  All of the units had a lower limit, 
ranging from 12 to 20 Hz, and were reached at an Apogee reading of 30 to 40 percent.  
Some of the drives had problems with the output not corresponding to the reading shown 
on Apogee. 
 
Both the chilled water pumping system and hot water pumping system were set up with 
differential pressure reset schedules at the time the last phase of commissioning began.  
The chilled water system was found to be set up to survey the eight AHU chilled water 
control valves, determine which was the most open, and modulate the differential 
pressure set point to maintain that valve between 80 and 90 percent open.  Maximum and 
minimum static pressure set points were set at 25 psi and 10 psi respectively.  While this 
method of control is effective when equipment is functioning properly, it can be 
adversely affected by faulty equipment.  Additionally, it was observed that the low limit 
of 10 psi was significantly higher than needed during cooler weather.  On an afternoon 
with outdoor temperatures ranging in the lower 50s F and normal building occupancy, it 
was found that a 10 psi set point was maintaining the maximum valve position in the low 
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60% range.  Lowering the set point to 5 psi increased the max valve position to the low 
70% range, while increasing the temperature differential closer to the 10 F range.  
However, it was difficult to maintain a differential set point of 5 psi or lower due to the 
fact that the building chilled water control valve was not functional.  The pump was 
programmed to shut off when its speed requirement was less than 35%, at which point the 
chilled water valve would maintain the differential pressure set point.  Since the valve 
was not functional, the system could not maintain the set point well under these 
conditions. 
 
The hot water pumping system, which also controlled from a differential pressure set 
point, was set up with a differential set point schedule based on outside air temperature.  
The schedule in place at the time of the last phase of commissioning is shown below in 
Table 4. 
 

Table 4.  Hot water pump differential pressure set point schedule at time of commissioning. 

Outside Air 
Temperature 

Differential 
Pressure Set 

Point 
30 F 25 psi 

50 F 23 psi 

70 F 20 psi 

80 F 10 psi 

85 F 5 psi 
  
The high set points at lower temperatures were found to produce low temperature 
differentials between supply and return water.  The set points were intentionally higher 
than necessary because of occasional problems with air in the pipes, which prevented 
remote coils from receiving adequate hot water flow.  The pump was also programmed to 
shut off when the speed was less than 35%.  It was noted that the building hot water 
control valve was not functioning, and would leak when modulated. 
 
As already mentioned, the lighting in the building was upgraded to T8 lamps.  Motion 
sensors are installed in several of the classrooms and labs on the first and second floors.  
However, the largest lecture hall in the building (Room 124) did not have motion sensors, 
nor did a number of smaller classrooms on the first floor.  Additionally, it was reported 
that the lights in the large wind tunnel lab in the basement (Room 032) would often be 
left on overnight due to the fact that occupants at one end of the lab could not easily see if 
occupants were left at the other end, and therefore did not want to turn off the lights in 
case the space was still occupied.  This is a very large lab with significant lighting. 
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2. Existing Comfort/Indoor Air Quality Conditions 
 
At the time the last phase of commissioning began, few comfort complaints were 
reported.  As noted, the schedule for AHU 1-1 had been changed to continuous operation 
because of a previous comfort complaint related to evening classes on the floor.  As also 
noted, carbon dioxide level measurements throughout the building revealed levels of 
1440 ppm and 1340 ppm in rooms 124 and 131 on the first floor during periods of high 
occupancy.  These high levels indicated insufficient ventilation airflow to these rooms.  
Temperature and humidity levels in the rooms were found to be normal, suggesting that 
overall airflow was acceptable, but that a higher percentage of outside air was needed. 
 
During commissioning activities previous to this last phase of commissioning, a number 
of individual room comfort complaints were discovered.  These were related to 
thermostats or terminal boxes that did not function properly.  A list of the parts found to 
be malfunctioning is included in Appendices A and B. 
 
A comfort problem not related to indoor air quality, but expressed by the building 
proctor, was the low levels of outside lighting around the building.  Apparently, some 
occupants entering and exiting the building during nighttime hours felt unsafe because of 
insufficient lighting.  
 

B. Continuous Commissioning® Measures 

1. Implemented Measures 
 

Table 5. Summary of implemented CC measures in building. 
Category CC Measure Result 

AHU Nighttime shutdown of AHUs 1-1 and 
3-1 was implemented. 

Electricity and chilled water 
savings during unoccupied 

periods. 

AHU 
Reverse action of outside air 

dampers on AHUs G-1 and 7-1 was 
corrected. 

Proper ventilation air to 7th floor, 
reduction in excessive outside 

air to basement. 

AHU 
Commanded Min OA dampers open 

during nighttime operation for 
operating AHUs. 

Positive building pressure 
maintained at night. 

AHU Static pressure set point schedule 
implemented for all AHUs. Reduction in fan power. 

AHU Discharge air temperature set point 
schedule implemented for all AHUs. 

Reduction in fan power, some 
CHW and HW savings. 

OA Static pressure set point schedule 
implemented for fan P-3. CHW savings. 

Pumping Modified HWP schedule to lower DP 
set point in colder weather. HW, electricity savings. 
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To resolve the problems described in the previous section, and to improve building 
energy efficiency, a number of Continuous Commissioning measures have been 
implemented in the building.  Table 5 is a summary of the Continuous Commissioning 
measures that have been implemented in this building. 
 
Because the server on the third floor had been removed, AHU 3-1 was programmed to 
shut down from 10:00 PM to 6:00 AM.  An updated classroom schedule for the first floor 
was obtained, and it was found that classes were being held regularly until 8:00 PM.  The 
schedule for AHU 1-1 was modified to shut the unit off from 9:00 PM to 6:00 AM.   
 
After discovering the problem with the reversed fume hood makeup damper on AHU G-
1, the signal from Apogee was reversed to allow the damper to operate as designed.  The 
indicator on the damper was modified to correctly reflect the damper position.  The 
Apogee signal to the minimum outside air damper on AHU 7-1 was also reversed so that 
the damper would open when the unit was on.  This now allows fresh air intake to the 
seventh floor. 
 
The programming for the units that remain on during nighttime operation was modified 
to keep the minimum outside air dampers open in these units at all times during 
operation.  While this does not produce savings in chilled water consumption on warm 
nights, it is necessary in order to maintain positive pressurization in the building and 
prevent infiltration, since the building toilet exhaust fan must run continuously. 
 
The static pressure set points for all eight AHUs were placed on schedules during normal 
occupancy operation.  The set points vary from a minimum to a maximum point, and are 
reset with AHU fan speed.  A maximum set point and minimum set point were 
determined for each unit, with an associated maximum and minimum fan speed.  The set 
points will vary linearly between the maximum and minimum points as fan speed varies 
from maximum to minimum.  This method of control will allow the units to better track 
the building load at any given time.  The low-occupancy setbacks already in place at the 
time of the last phase of commissioning were left in place, since no problems have been 
reported with them.  Table 6 gives the new static pressure set point schedules for the 
AHUs during normal occupancy.   
 

Table 6.  New static pressure set points for AHUs during normal occupancy. 

AHU 
Previous 
SP Set 
Point 

New 
Max 
SP 

New 
Min 
SP 

Max 
speed 

% 

Min 
speed 

% 
New Schedule 

G-1 0.60 0.70 0.35 70 45 AHUG1SSP = 0.35 + (G1SPD-45)/25*0.35 
1-1 0.50 0.60 0.35 70 45 AHU11SSP = 0.35 + (11SPD-45)/25*0.25 
2-1 0.75 1.00 0.50 90 60 AHU21SSP = 0.5 + (21SPD-60)/30*0.5 
3-1 0.50 0.60 0.35 70 40 AHU31SSP = 0.35 + (31SPD-40)/30*0.25 
4-1 0.65 0.75 0.30 70 40 AHU41SSP = 0.3 + (41SPD-40)/30*0.45 
5-1 0.70 0.80 0.50 85 60 AHU51SSP = 0.5 + (51SPD-60)/25*0.3 
6-1 0.50 0.60 0.35 70 35 AHU61SSP = 0.35 + (61SPD-35)/35*0.25 
7-1 0.70 0.80 0.50 85 45 AHU71SSP = 0.5 + (71SPD-45)/40*0.3 
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Each air handling unit was given a discharge air temperature set point schedule during 
periods of normal occupancy.  The schedule is designed to reset the discharge air 
temperature set point according to AHU fan speed, in order to maximize savings.  When 
outside air dew point temperature is higher than 55 F, the discharge air temperature set 
point is allowed to vary from 54 F to 57 F in order to maintain the AHU fan speed 
between 50 and 70%.  When outside air dew point temperature is 55 F or lower, 
discharge air temperature is allowed to vary from 54 F to 62 F in order to maintain the 
AHU fan speed between 50 and 70%.  When fan speed exceeds 70%, the discharge air 
temperature is dropped by half a degree every fifteen minutes until the fan speed drops 
below 70% or the minimum set point is reached.  If the fan speed drops below 50%, the 
discharge air temperature is raised by half a degree every fifteen minutes until the fan 
speed reaches 50% or the maximum set point is reached.  AHU 2-1 is slightly different 
than the other units, in that although it follows the same schedule, it has a minimum 
discharge air temperature of 52 F instead of 54 F, due to higher heat loads on the second 
floor.   
 
Building outside air fan P-3 was placed on a static reset schedule based on occupancy and 
outside air dry bulb temperature.  For normal occupancy, when outside air temperature is 
below 40 F, the fan will be operated at a static pressure set point of 0.2” W.C.  When 
outside air temperature is between 60 and 65 F, the static pressure set point will also be 
0.2” W.C., and when outside air temperature is 90 F or greater, the set point will be 0.15” 
W.C.  For outside air temperatures between 65 F and 90 F, the set point will vary linearly 
between 0.2” and 0.15” W.C.  This will allow the minimum outside air intake into the 
building to maintain positive pressurization in the building.  For outside air temperatures 
between 40 F and 60 F, the static pressure set point for P-3 will be 0.45” W.C., and for 
temperatures between 50 F and 60 F the fume hood makeup dampers (located on AHUs 
G-1, 1-1, and 5-1) will also be commanded open.  This allows fan P-3 to run close to 
maximum speed, allowing a substantial amount of free cooling from the cool outside air 
without over-pressurizing the ductwork or building, and did not require hardware 
modifications in the building.  During minimum occupancy periods, P-3 will be given a 
constant static pressure set point of 0.2” W.C., and fume hood dampers will be 
commanded closed if the associated fume hoods are not in use.  The fume hood makeup 
dampers have been scheduled to be commanded closed after the static set point is 
lowered, to prevent the static pressure sensor for P-3 from failing, since its high limit is 
0.5” W.C.   
 
The hot water pump differential pressure set point schedule was modified to avoid 
unnecessary waste.  The new schedule is shown in Table 7. 
 

Table 7.  Modified HW pump differential pressure set point. 
Outside Air 

Temperature DP Set Point 

30 F 20 psi 
50 F 15 psi 
85 F 5 psi 
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2. Proposed Measures 
 
 

Table 8.  Summary of proposed CC measures that have not yet been implemented  
in the building and their estimated potential savings. 

 
Category CC Measure Purpose Estimated 

Potential Savings 
 

1 AHU 
Install CO2 sensor 

near 1st Floor 
classrooms. 

Maintain proper 
ventilation. Improved comfort. 

 
2 

Exhaust 

Install modulating 
damper after 

discharge of fan P-1 
and control 
accordingly. 

Reduce nighttime fan 
speed, outside air flow 

needed for positive 
building pressurization.

$650/year. 

 
3 Pumping 

Program pump 
ACCP-2 to shut off 
when chiller ACC-2 

is not operating. 

Electricity savings, 
avoid high water 

temperatures entering 
chiller. 

$3500/year. 

 
4 Terminal 

Boxes 

Implement night 
setback of 

thermostats on floors 
G, 1, 3, 5, and 7. 

Reduce unnecessary 
night heating in 
heating season. 

$1300/year, with a 
payback of 3 

years. 

 
5 Pumping 

Lower minimum DP 
set point for CHW 

pump. 

Use less CHW and 
electricity in low load 

periods. 
$150/year. 

 
6 Lighting 

Install occupancy 
sensors in rooms 

032 and 124. 

Turn off lights in 
unoccupied periods. $200/year. 

 
 
Table 8 above is a summary of the Continuous Commissioning measures that have not 
been implemented in this building, with a rough estimate of how much each measure 
would save if implemented.  Their implementation will complete this phase of 
Continuous Commissioning for this building, and will correct the remaining problems 
with building performance.   
 
Recommendation 1: In order for the scheduling of outside air fan P-3 to be effective in 
the building, at least one CO2 sensor needs to be installed on the first floor near the return 
air for room 124.  This room is a very large lecture hall with frequent occupation, and 
could be considered representative of first floor occupancy, since the first floor consists 
primarily of classrooms.  The CO2 sensor should be linked to the fume hood makeup 
damper on AHU 1-1, so that when CO2 levels exceed 1150 ppm, the damper is 
commanded open, and when levels fall below 1050 ppm, the damper is closed.  This 
method would allow for adequate control of outside air intake for the floor, without 
introducing excessive air intake to other floors.  If the CO2 sensor method is not 
implemented, the fume hood makeup damper for AHU 1-1 will need to be set up to open 
based on an average occupancy schedule for the first floor (or programmed to open when 
AHU 1-1 runs).  This will give less precise control of outside air intake to the floor, since 
occupancy levels will not always follow a fixed schedule. 
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Recommendation 2: It is recommended that the operation of exhaust fan P-1 be 
improved.  It is proposed that a modulating damper be installed in the trunk that exhausts 
to the outside.  During normal occupancy hours, fan P-1 should be maintained at a 
constant speed to exhaust approximately 9100 cfm from the restrooms, as originally 
designed.  The damper should then be modulated to maintain the needed flow of air to the 
adjacent electrical equipment room.  The damper would be controlled from the 
temperature sensor in the electrical room.  During periods of minimum occupancy, the 
damper should be commanded closed, forcing all exhaust air from P-1 to the adjacent 
room.  The VFD should then be controlled based on the temperature sensor in the 
adjacent room.  This should allow the speed of the fan to decrease, and still allow the 
needed flow to cool the electrical equipment to an acceptable level.  The decrease in 
exhaust flow will also help maintain positive pressurization in the building, since only 
three of the AHUs will operate at night and therefore less outside air will enter the 
building.  The discharge of Fan P-1 is pictured in Figure 4, with the proposed location for 
damper installation. 
 
 

 
Figure 4.  Exhaust fan P-1, with proposed location for modulating damper installation. 
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Recommendation 3: Pump ACCP-2 needs to be programmed so that it will not run when 
chiller ACC-2 is off.  This will save considerable electricity from the motor not running, 
and will also allow the chiller to operate as designed without the excessively hot water 
flowing through it at startup. 
 
Recommendation 4: The thermostats on the floors with nighttime shutdown (basement, 
first, third, fifth, and seventh) need to be set up to switch over to night mode in order to 
save on reheat and box fan power.  The thermostats need to have both bands calibrated, 
and the night band should be set to 60 F.  New covers need to be purchased for the 
thermostats with wheels that will allow the customer to adjust the daytime set point, but 
not even see or have access to the nighttime band.  Ideally, those thermostats that are 
currently single-band should be replaced with dual-band thermostats, but this is not 
required for the nighttime setback to be implemented for the floor.  The single band 
thermostats will simply not produce any savings, since their set point will remain 
constant.  However, in the future when faulty thermostats are replaced, it is recommended 
that they be replaced with dual-band thermostats.  
 
Recommendation 5: It is recommended for the chilled water pump operation that the 
building control valve be replaced, and that the minimum differential pressure set point 
be lowered to 5 psi.  The pump operation should continue to follow the current 
programming, as it is an effective method of maintaining chilled water flow according to 
building load.  The lower minimum set point will produce higher temperature 
differentials in the chilled water loop during periods of lower loads, and will allow the 
pump to remain off for longer periods.  A similar measure may be evaluated for the hot 
water pump, but the building hot water control valve must also first be replaced.  
 
Recommendation 6: Since the lighting has been upgraded, and motion sensors are 
installed in many of the classrooms, few potential savings are possible with respect to 
lighting.  However, it is recommended that motion sensor installation be considered at 
least for the two large rooms mentioned previously:  rooms 032 and 124.  Due to the 
large obstructions in room 032, an ultrasonic or acoustic sensor may be needed to ensure 
proper light operation.  For room 124, a traditional infrared motion sensor can be used. 
 
Recommendation 7: From a comfort standpoint, it is recommended that the appropriate 
campus department evaluate the outside lighting situation around building entrances, and 
that appropriate adjustments be made to allow for complete occupant safety at night. 
 
 

IV. Requested Action 
 
In order to maximize the performance of the building and its potential energy savings, it 
is requested that a number of maintenance and controls issues be addressed in the 
building as soon as possible.  These include issues that need resolving in order to 
implement the proposed Continuous Commissioning measures, as well as, general 
deferred maintenance issues. 
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To be able to implement the proposed measure involving night setback of thermostats, 
the pressure regulators on each of the applicable floors need to be adjusted to 15 psi (day 
mode) and 20 psi (night mode), and both strips on each thermostat calibrated.  To be able 
to implement the proposal for controlling exhaust fan P-1, a modulating damper needs to 
be installed, and both the damper and the fan VFD need to have Siemens control and be 
visible on Apogee.  A temperature sensor is available in the adjacent electrical room, but 
needs to be terminated and brought into the control sequence for the fan and damper.  In 
order to implement the proposed measure to lower the minimum chilled water pump 
differential pressure, the building chilled water control valve needs to be replaced.  A list 
of actions needed for proposed measure implementation is included in Appendix A. 
 
Several other maintenance and controls issues related to proper building performance 
were observed during commissioning.  Many of the AHU control valves are badly 
corroded and need to be replaced soon.  These include the valves on AHUs G-1, 2-1, 4-1, 
5-1, 6-1, and 7-1.  The control valve on AHU 2-1 needs to be replaced immediately, as 
the yoke has completely corroded off.  The building compressors in the basement were 
observed to have bad oil leaks.  Oil was being pumped on the ground, and was also 
getting in the air lines on some floors.  A large list of problems with terminal boxes, 
thermostats, and their related parts was also generated.  As noted previously, a number of 
VFDs for the AHUs need to be calibrated or replaced to ensure proper functionality.  A 
summary of the maintenance and controls issues found in the building is included in 
Appendix B. 

 
 

V. Building Comfort Improvements 
 
As mentioned earlier, one of the primary objectives of Continuous Commissioning is to 
improve occupant comfort levels in buildings.  As noted, no major comfort issues were 
reported in the building at the onset of commissioning.  However, high carbon dioxide 
levels in first floor classrooms were recorded, indicating a lack of ventilation air in the 
spaces. This issue is addressed in the proposal to install a CO2 sensor that would allow 
more outside air intake as needed on the first floor.  If this proposed measure is 
implemented, it will help ensure adequate ventilation during occupied periods, without 
excessive ventilation during periods of less occupancy.  As also mentioned, outside 
lighting around the building entrances needs to be improved, which will increase the 
comfort of occupants who must enter and exit the building at night. 

 
 

VI. Savings Analysis 
 

This section is to be completed by the Data Analysis Group after sufficient time has 
passed to acquire enough data for post-CC and pre-CC comparisons. 
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VII.     Retrofit Recommendations 
 
No major building retrofits are recommended at this time. 
 
 

VIII. Conclusions 
 
The Bright Aerospace building has been a part of the A&M system since 1989.  High 
energy consumption and comfort problems in the building initially made it a good 
candidate for Continuous Commissioning.  Problems with funding delayed the 
completion of commissioning, which was originally begun in 2004.  The final phase of 
commissioning was performed in a period of two and a half months, with continued 
follow up for another two months.  It is believed that the measures that have been 
implemented up to this time will save on energy costs, in addition to improving comfort 
in the building.  If the proposed measures are implemented, it is estimated that an 
additional $5,800 per year can be saved, and the remaining comfort issues can be 
resolved.  Better energy efficiency will occur in the building, as well as, an increase in 
the productivity of occupants who will be more comfortable in their working 
environment.  A number of issues have been identified that need to be addressed in order 
that the proposed Continuous Commissioning measures be able to be implemented.  An 
additional list of deferred maintenance issues that need to be resolved has been generated.  
It is highly recommended that the proposed issues be resolved and the proposed measures 
be implemented as quickly and as completely as possible to maximize the value of the 
Continuous Commissioning of this building, and most importantly, to maximize energy 
savings and comfort levels in the building.  In this way, the Texas A&M University 
campus can move forward in its quest for energy efficiency, and the Continuous 
Commissioning process will have been beneficial in aiding in this endeavor. 
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Appendix A:  Summary of requested actions needed 
before implementing proposed CC measures. 

 
 

Requested Action Related CC Measure Status 
Thermostats - Johnson Control 
Dual Temp.  #T-4506-217.       
14 needed in rooms 736C, 514, 
515D, 518, 520, 311C, 107, 113, 
126, 129, 004, 012, 020, 025.   

Night setback Pending 

Thermostat covers. 
#T-4002-2123 = 125 needed Night setback Pending 

Thermostat adjusting knobs.   
#T-4002-5012 = 125 needed  Night setback Pending 

Thermostat cover screws. 
#T-4002-617 = 1 bag  Night setback Pending 

Set pressure regulators on floors 
G, 1, 3, 5, and 7 to 15 psi (day) 
and 20 psi (night). 

Night setback Pending 

Replace building CHW 
(butterfly) and HW (globe) 
control valves. 

Improved low-load DP 
set point implementation Pending 

Install modulating damper in 
exhaust duct of fan P-1. 

P-1 operation 
optimization Pending 

Place control of fan P-1 on 
Apogee, as well as associated 
temperature sensor. 

P-1 operation 
optimization Pending 
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Appendix B:  Summary of other maintenance and 
controls issues in building at time of CC. 

 
Maintenance 

 
Issue Status 

Replace terminal box fan motors as follows:  3 ear mount, 3 speed, 
277 volt, 1 phase, CWLE (Rot.) 

• 1/10 hp = 5 needed for thermostats in 607B, 616C, 629A, 
427A, 014 

• ¼ hp = 6 needed for thermostats in 607D, 423D, 203, 008, 
028(by A), outside 3rd floor restrooms 

• 1/3 hp = 1 needed for thermostat in 111.  

Pending

Terminal box P.E. switches needed:  Tri Delta Inc.  Mod.#3005  5-
15 psi.  18 needed for thermostats in 607B, 607D, 616C, outside 6th 
floor restrooms, 629A, 631A, 503B, 423D, 427A, outside 3rd floor 
restrooms, 203, 229, 111, 008, 014, 015(by A), 015C, 028 (by A). 

Pending

Terminal box reversing relays needed:  Kreuter Part # RCC-1112.  
20 needed for thermostats in 607B, 616C, outside 6th floor 
restrooms, 629A, 631A, 501A, 502D, 527A, 315C, 339, 210, 
outside 2nd floor restrooms, 221, 104, 113(left), 115, 124(stage), 
124(back), 129, 019. 

Pending

Reheat valves needed:  Johnson Control, 2 way, ½” pipe, N.C., 9-
13 psi spring range 

• #V-3974-1007 = 2 needed for thermostats in 607D, 014  
• #V-3974-1001 = 4 needed for thermostats in 515B, 400 

Lobby, 404, 003. 

Pending

Additional thermostats needed:  5 needed for 612, 621, 629, 407B, 
425H. Pending

Replace 3”, 2-way CHW control valves for AHUs G-1, 2-1, 4-1, 5-
1, and 6-1. Pending 

Replace 3”, 3-way CHW control valve for AHU 7-1. Pending

The terminal boxes for 500 Lobby and 105 need to have the reheat 
coils back-flushed. Pending

The terminal box for 113 (right) needs a broken fan damper to be 
repaired. Pending

The terminal box for 006 needs the damper inside repaired (sticks). Pending

The terminal box for 008 needs to have leaks repaired on the reheat 
coil. Pending

The terminal box for 019 needs to have an air leak repaired on the 
reheat coil. Pending

The terminal box for 028 (by B) needs to have leaks repaired on the 
reheat coil. Pending
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Clean all terminal box reheat coils and blower wheels. Pending

Install filters for each terminal box. Pending

Install strainers and back-flush capability for each reheat coil. Pending

Repair leaking building compressors. Pending

 
 

Controls 
 

Issue Status 

 Fix bad proofs on roof exhaust fans. Pending

Calibrate CHW secondary supply temperature sensor. Pending

Fix proofs for both chillers, and keep pump ACCP-2 off when 
chiller ACC-2 is off. Pending

Fix upper level limit on VFDs of AHUs 2-1, 4-1, 5-1, and 7-1 to 
allow them to run at 100% speed (if the drives are good.  If not, 
replace the drives.).  Calibrate drive output with Apogee reading. 

Pending

After CHW control valve has been replaced, modify control 
program for valve operation to allow it to fully close and open. Pending

Repair failed temperature sensors for both chillers. Pending

 


